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Abstract — Liveweight gain was assessed in lambs grazing perennial ryegrass (Lolium perenne) bred
for an elevated water-soluble carbohydrate (WSC) concentration (experimental var. Ba11353) com-
pared to an intermediate WSC control (var. AberElan). Both grass varieties had similar heading
dates and overall forage yield characteristics. The two grasses were sown separately in each of three
replicate sward plots (0.137 ha each) laid out in a randomised block design. A core group of five Welsh
Mountain ewes and their singleton lambs (Bluefaced Leicester, sire), initial liveweights of 50 and
14 kg (s.e. 0.6 and 0.3), respectively, were continuously stocked on these plots over three consecu-
tive 21 d experimental periods. Swards were maintained at a target surface height of 6–7 cm with the
use of sward adjustment animals. Core sheep were weighed every three weeks and adjustment ani-
mals whenever they were added to or removed from the plots. Lamb liveweight gain (g.d–1) was
calculated from the core group of lambs. Lamb production (kg liveweight.ha–1 over each 21d period)
was calculated from the liveweight change of all the lambs. Water-soluble carbohydrate concentra-
tions were higher (P = 0.03) and neutral detergent fibre concentrations (NDF) were lower (P = 0.01)
in the high WSC grass (HWSC) compared to the control. In vitro dry matter digestibilities (DMD) were
higher for HWSC (P < 0.01). Lamb liveweight gain (P = 0.03) and production (P = 0.06) were
greater on HWSC compared with the control by approximately 12 and 23%, respectively. The
increased lamb production resulted from the combined effect of higher liveweight gains and carry-
ing capacity on HWSC. Correlation matrices indicated strong relationships between liveweight gain
and grass WSC concentration (r = 0.67; P < 0.05) and fibre concentration (r = –0.73; P < 0.05).
The results show that grazing forages selected for elevated concentrations of WSC and reduced
fibre, compared to a control increases the liveweight gain of suckling lambs.
water-soluble carbohydrate / grazing / lambs / Lolium perenne / liveweight gain
M.R.F. Lee et al.442
1. INTRODUCTION
Water-soluble carbohydrates (WSC) con-
tained in fresh forages are the most readily
available source of energy for the grazing
ruminant, and as such, low concentrations of
WSC in herbage can decrease the efficiency
of protein utilisation, limit productivity and
contribute to poor utilisation of dietary pro-
tein [7]. It has been suggested that efficient
microbial protein synthesis relies upon the
synchronous provision of energy and pro-
tein nitrogen to the rumen microbial popu-
lation [22]. In ruminant diets, characterised
by an insufficient supply of readily avail-
able energy for balanced rumen fermentation
to occur, acetate production dominates with
a resultant reduction in the efficiency of util-
isation of both nitrogen and energy [3]. 
Grass breeding has resulted in the devel-
opment of forage grasses with increased
concentrations of WSC (20–40% of DM)
compared to conventional commercial vari-
eties (10–15% of DM) [9, 10, 20, 23]. In ini-
tial lamb production experiments liveweight
gain (g.d–1) was consistently higher from a
high WSC Lolium perenne variety (Aurora)
in comparison to a control variety (S23);
29.2, 12.4 and 10.3% over three consecu-
tive years [5]. In addition, Jones and Sant
[12] reported that sheep showed a strong
grazing preference for high WSC when
offered a choice between low and high WSC
grasses. Jones and Roberts [11] suggested
that this increased grazing preference was
due to a higher ‘palatability’ of the grass
with elevated sugar and reduced fibre con-
centrations. Siever-Kelly et al. [21] noted
Résumé — Performances de production d’agneaux pâturant du ray-grass anglais (Lolium 
perenne) sélectionné pour sa concentration en glucides hydrosolubles élevée. Le gain de poids vif
a été évalué chez des agneaux pâturant du ray-grass anglais (Lolium perenne) sélectionné pour sa
concentration en glucides hydrosolubles (WSC) élevée (variété expérimentale Ba11353) et com-
paré à un témoin avec une concentration intermédiaire en WSC (variété AberElan). Les deux varié-
tés de ray-grass ont eu des dates d’épiaison et un rendement fourrager globalement comparables.
Elles ont été semées séparément sur des parcelles d’une surface de 0,137 ha chacune avec 3 répéti-
tions selon un dispositif expérimental aléatoire par blocs. Un groupe fixe de cinq brebis de race
Welsh Mountain et leur agneau unique (bélier Bluefaced Leicester), de poids vifs initiaux de 50 et
14 kg (e.s. : 0,6 et 0,3) respectivement, a été continuellement présent sur les parcelles pendant trois
périodes expérimentales consécutives de 21 jours. Le tapis végétal a été maintenu à une hauteur
seuil de 6–7 cm en utilisant des animaux supplémentaires pour ajuster le couvert prairial. Les ovins
expérimentaux du groupe fixe ont été pesés toutes les trois semaines et les animaux destinés à l’ajus-
tement chaque fois qu’ils ont été ajoutés ou enlevés des parcelles. Le gain de poids vif des agneaux
(g.j–1) a été calculé à partir du groupe fixe. La production des agneaux à l’hectare (kg de poids
vif.ha–1 au cours de chaque période de 21 jours) a été calculée en tenant compte du changement de
poids vif de tous les agneaux. La concentration en glucides hydrosolubles a été supérieure (P = 0,03)
et celle en NDF moindre (P = 0,01) pour la variété riche en WSC (HWSC) comparativement au
témoin. La digestibilité in vitro de la matière sèche (DMD) a augmenté avec HWSC (P < 0,01). Le
gain de poids vif des agneaux (P = 0,03) et leur production (P = 0,06) ont été respectivement plus éle-
vés d’environ 12 et 23 % avec HWSC comparativement au témoin. La production accrue des agneaux
résulte de l’effet combiné des gains de poids vif et d’un chargement plus importants sur HWSC.
Les matrices de corrélation ont indiqué des rapports forts entre le gain de poids vif, la concentration
en WSC du fourrage (r = 0,67 ; P < 0,05) et la concentration en fibres (r = –0,73 ; P < 0,05). Les résul-
tats montrent que le pâturage de fourrages sélectionnés pour leur concentration élevée en WSC et faible
en fibres, comparativement à un témoin, augmente le gain de poids vif des agneaux de lait.
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Animals were continuously grazed on these
plots over three consecutive 21 d experi-
mental periods (I, II and III) starting on 6th
May 1998.
2.2. Sward management
and measurements
Swards were cut to a surface height
(SSH) of 3 cm, one month prior to the start
of the experiment, to obtain uniform
regrowth. Fertiliser was applied after cut-
ting to give an application of 250 kg.ha–1
of 25.5.5 (N, P and K; Norsk hydro, Sluiskil,
The Netherlands). Sward surface height was
measured every week in a “w” transect using
a Hill Farm Research Organisation sward
stick, and sward adjustment animals (ewes
and singletons of the same breed as core
animals) were used to maintain the height of
the sward at approximately 6–7 cm. If the
SSH was greater than the upper limit of the
defined range (7 cm) then a ewe and lamb
were added to the plot, if the SSH had fallen
back below the lower limit of the defined
range (6 cm) then the additional animals
were removed. The addition and removal
of animals was done on a weekly basis. 
Herbage intake was calculated over each
21 d period using the differential growth
method as assessed by exclosure cages [6].
Three exclosure cages were allocated at ran-
dom in each plot. Intake was estimated by
comparing herbage growth inside and outside
the cage. Herbage shears (Makita 100 mm
UM103D Makita Corporation, Anjo, Japan)
were used to cut four 0.1 · 1 m parallel
strips of grass to ground level outside the
cage along each edge of the cage, and two
inside the cage. The cages were then relo-
cated at random. The herbage was dried at
80 °C for 24 h and the intake calculated per
ewe and lamb according to the following
formula:
DMI (kg DM.d–1) = ([Hi – (Ho/2)] · 5 · 10
4) · A / EU
D
where Hi = dried herbage mass inside the
cage in kg; Ho = dried herbage mass outside
that this preference was related more to the
soluble carbohydrate concentration of a plant
than to digestibility, and only when the sol-
uble carbohydrate concentrations were sim-
ilar there was a preference for the more
digestible material. Siever-Kelly et al. [21]
used glyphosate to spray topped-pastures
and delay the loss of cell contents, thereby
increasing grass WSC concentration and
digestibility. They observed that lambs
offered a choice between the glyphosate
sprayed pastures and controls, preferentially
grazed the former, resulting in higher
liveweight gains and wool growth [15]. 
The objective of this study was to extend
the observations of the above authors [5,
11, 12, 15, 21] by assessing the productivity
of lambs offered a perennial ryegrass bred
for high WSC compared to an intermediate
WSC control. Thereby determining if using
grass varieties bred for enhanced WSC con-
centration, i.e. quality traits, may have rel-
evance to practical agriculture by enhanc-
ing efficiency and reducing the cost of sheep
production.
2. MATERIALS AND METHODS
2.1. Experimental site, design
and allocation to treatment
Two Lolium perenne swards with similar
heading dates, Ba11353, a high water solu-
ble carbohydrate (WSC) variety (HWSC),
and AberElan, an intermediate WSC variety
(control), were sown in plots (0.137 ha each)
laid out in a split-block design and repli-
cated three times in July 1997 at the Institute
of Grassland and Environmental Research,
Aberystwyth, Plas Gogerddan site (52°25’N,
4°05’W). These swards were maintained by
grazing with sheep. A core group of five
Welsh ewes and their one month old sin-
gleton lambs (Bluefaced Leicester ), ini-
tial liveweights 50.2 (s.e. 0.60) kg and 13.7
(0.32) kg, respectively, were put on each of
the plots in a stratified random manner,
according to ewe and lamb liveweight.
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the cage in kg; A = area of plot (0.137 ha);
D = number of grazing days; DMI = dried
herbage intake per experimental unit (ewe
and singleton); EU = number of experi-
mental units.
Ewe and lamb intakes were calculated
for each exclosure cage and a mean was cal-
culated for each paddock. 
Herbage yield was measured every 21 d
by cutting a 1 · 0.3 m strip at 3 cm above
ground level (using a hedge trimmer,
Husqvarna, Sweden) under the three exclo-
sure cages in each plot, before relocation of
the cages. These samples were then oven
dried (at 80 °C for 24 h) and weighed.
Herbage yields were then calculated as
kg DM.ha–1.d–1 by simple area conversion.
For WSC analysis grass samples were
cut at 3 cm above ground level with herbage
shears at 10.00 h at weekly intervals from
five random locations in each paddock.
Every three weeks, to coincide with the end
of each period, a more comprehensive chem-
ical analysis was conducted for concentra-
tions of WSC, acid detergent fibre (ADF),
neutral detergent fibre (NDF), in vitro dry
matter digestibility (DMD) and total nitro-
gen (TN). All grass samples were collected
in an icebox containing crushed ice and then
frozen (–20 °C) prior to analysis.
2.3. Animal measurements
All sheep were weighed every three
weeks, on two consecutive days, at the same
time of day, and sward adjustment animals
were also weighed whenever they were
added to or removed from the plots, after
the sward surface height measurements.
Individual lamb performance (liveweight
gain; g.d–1) was calculated using data from
the core group of lambs and lamb production
per hectare obtained from the live weight
changes of all the lambs. After weighing
the animals were returned to the plots for
the commencement of the next period.
2.4. Chemical and statistical analysis
Water-soluble carbohydrate (WSC) was
extracted in water and determined spec-
trophotometrically using anthrone in sul-
phuric acid on a Technicon Autoanalyser
attached to a peak height analyser [25].
Organic matter (OM) was calculated from
total DM minus ash, analysed by combus-
tion at 550 °C for 6 h in a muffle furnace.
Total nitrogen was determined by micro-
Kjeldahl technique using ‘Kjeltec equip-
ment’ (Perstorp Analytical Ltd., Maiden-
head, Berkshire). Neutral detergent fibre
was determined as described by Van Soest
et al. [27] and acid detergent fibre was anal-
ysed according to Van Soest and Wine [28]
using the Tecator Fibretec System equip-
ment (Tecator Ltd., Thornbury, Bristol).
In vitro dry matter digestibility (DMD) was
determined following the method of Jones
and Hayward [13].
All measurements were analysed using
split-plot analysis of variance [14] to com-
pare HWSC vs. control and variety · period
interaction. The block effect was not sig-
nificant and was subsequently pooled with
the error. Variety main effect was tested
against the pooled main plot error and vari-
ety · period effects tested in the sub-plot.
Correlation relationships between the main
measurements were also established.
3. RESULTS
3.1. Sward characteristics
and herbage quality
The SSH averaged 6.5 cm (s.e. 0.30)
across the experimental periods for both
varieties. Herbage yield was approximately
5.8% higher from HWSC plots compared
to the control plots during the measurement
period (Tab. I).
The concentrations of WSC were higher
in HWSC (P < 0.05) and they fluctuated
across experimental periods (P = 0.03). Dur-
ing periods I and II the differential between
444
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3.2. Animal performance
The combined estimated DM intakes of
the ewes and lambs, calculated by the exclo-
sure cage method were not significantly dif-
ferent between the two varieties, although
there was a tendency for intake to
vary between periods (Tab. II, P = 0.06).
Liveweight gains (g.d–1) of animals graz-
ing HWSC were higher than control ani-
mals (P < 0.05) and varied significantly with
HWSC and the control was 54 and 38 g.kg–1
DM, respectively, but in period III it was
only 8 g.kg–1 DM (Tab. I). In vitro DMD
of HWSC was higher (67.6 vs. 63.7%),
while the fibre fraction concentrations were
higher on the control (P < 0.01). Both DMD
and NDF concentration varied significantly
across periods (P = 0.02 and P = 0.015,
respectively). Crude protein concentration
was not significantly different between the
varieties. 
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Table I. Chemical composition of the two grass varieties HWSC and control during the three expe-
rimental grazing periods.
Period I Period II Period III * Significance
Control HWSC Control HWSC Control HWSC s.e.d. V P V · P
Chemical composition (g.kg–1 DM)
WSC 89 143 75 113 84 92 6.7 0.03 0.03 0.08 
ADF 255 222 279 250 274 267 14.0 0.002 0.06 NS 
NDF 487 411 540 473 514 506 24.9 0.01 0.02 NS 
CP 169 149 166 200 194 181 12.7 NS NS NS 
DMD (%) 64.7 70.1 65.6 70.6 60.8 62.1 2.32 0.007 0.015 NS
(kg DM.ha–1.d–1)
Herbage yield 75 103 85 91 68 47 4.0 0.1 0.001 NS
WSC = water soluble carbohydrate; ADF = acid detergent fibre; NDF = neutral detergent fibre; DMD = in vitro
dry matter digestibility; CP = crude protein; * V, P and V · P represent the effects of variety, period and variety
· period interaction.
Table II. Animal productivity of the core lambs grazing HWSC and the control grass varieties
during the three experimental periods.
Period I Period II Period III * Significance
Control HWSC Control HWSC Control HWSC s.e.d. V P V · P
Intake 1.16 0.97 1.32 1.69 1.16 1.09 0.24 NS 0.061 NS 
Gain 271 312 194 244 175 186 16.3 0.03 0.001 0.08 
Production 193 256 131 177 114 107 18.4 0.06 0.001 0.04 
Capacity 34.1 46.2 34.1 36.5 29.2 29.2 3.44 0.16 0.004 0.06
Gain = liveweight gain, g.d–1; production = kg liveweight.ha–1.period–1; capacity = carrying capacity, ewes.ha–1;
intake = kg DM.d–1. * V, P and V · P represent the effects of variety, period and variety · period interaction.
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period (P = 0.001). The correlation coeffi-
cients indicated a positive relationship
between liveweight gain and the WSC con-
centration of the herbage, and a negative
relationship between fibre concentration
and liveweight gain (r = 0.67 and –0.73;
P < 0.05, respectively). 
Animal production (kg liveweight.ha–1)
was higher (23%; P = 0.06) from animals
on HWSC plots compared to the control
animals. The higher level of production from
HWSC was positively related to WSC con-
centration and carrying capacity (r = 0.66
and 0.87; P < 0.05, respectively) and nega-
tively related to fibre concentration
(r = –0.76; P < 0.05). Significant period
effects were found for liveweight gain, ani-
mal production and carrying capacity. There
were also significant interaction effects (vari-
ety · period) for animal production and an
interaction trend for both liveweight gain
and carrying capacity (P = 0.08 and P = 0.06,
respectively). 
4. DISCUSSION
4.1. Chemical composition
and herbage intake
The difference in WSC concentration
between the control and HWSC of 33 g.kg–1
DM (representing a 20–40% increase)
observed was similar to that reported by
Humphreys [10]. Whereas Humphreys [9,
10] reported consistent differences between
varieties throughout the year, in the present
study they were not sustained across all three
21 d experimental periods. This may reflect
the fact that the work of Humphreys [9, 10]
was based upon small plots and individual
plants grown in controlled conditions as
opposed to measurements from large scale
plots subjected to meteorological and
pathogenic stresses used in the current study,
which are known to cause fluctuations in
the chemical composition of the grasses
[19]. The differences in DMD between the
two varieties were most likely related to the
differences in fibre and WSC concentration.
The higher fibre concentration of the lower
WSC grass was expected because higher
WSC grasses tend to have proportionately
less structural carbohydrate to account for
the elevated WSC fraction of the plant [20].
The reduction in crude protein concentra-
tion reported by Humphreys [9] in grasses of
high WSC concentration was not observed
here, in accordance with the findings of
Smith et al. [23].
Daily herbage yield was greater for
HWSC compared to the control in periods I
and II. This was reflected in the greater car-
rying capacity of the HWSC sward during
these periods, which subsequently declined
in period III. The mean daily herbage pro-
duction (78.2 kg DM.ha–1.d–1) across all
three periods was higher than with a similar
comparison of Lolium perenne varieties dur-
ing May–June of 54.5 kg DM.ha–1.d–1 [6],
which may be explained by the higher rate
of fertiliser application used in this study,
250 vs. 200 kg N.ha–1. 
It has been reported that exclosure cages
can introduce errors when used to determine
herbage yield on areas that are open to con-
tinuous grazing [6, 18]. These errors are
often the result of topographical differences
in the plot and uneven sward growth as a
result of urine patches, which contribute to
produce a net increase in herbage produc-
tion, or weed patches, which result in a
reduction in herbage production. Care was
taken in this study to reduce some of these
errors by random rotation of the cages and
by taking four strips outside the cage instead
of the usual two [4]. However, the intake
data collected were approximately 18%
lower than the AFRC [1] estimated intake
for a ewe suckling a singleton lamb of
80 g DM.kg–1 W0.75. Also, by the end of the
experiment, the lambs were between 25 and
30 kg liveweight and would have been con-
suming approximately 1.0 kg DM.d–1 [2].
Despite the potential limitations of the pro-
cedure, the data obtained does provide an
estimate of the relative differences between
446
Lamb growth performance on high WSC grass
(P = 0.06) animal production (kg liveweight.
ha–1) on HWSC compared to the control.
Animal production was correlated with the
WSC concentration of the herbage (r = 0.66;
P < 0.05). Period effects similar to that for
liveweight gain and WSC concentration were
observed. These were probably the result of
meteorological differences between the peri-
ods, which have been shown to dramatically
alter the chemical composition of forages
[19]. The animal production response was
a multiplicative effect between the greater
liveweight gain and the greater carrying
capacity, which is related in turn to the
greater daily herbage production, of the
HWSC paddocks. The interaction effects
between period and variety in animal pro-
duction and liveweight gain may imply that
HWSC grass is not advantageous under cer-
tain conditions, such as with a low herbage
yield, over the control.
The increased liveweight gain of lambs
grazing on HWSC compared with the con-
trol (in periods I and II) may be related to
improvements in the balance of energy and
nitrogen supply to the rumen through the
elevated level of WSC, as this is the most
rapidly available source of energy to the
micro-organisms [7]. This may enhance
microbial protein synthesis, change micro-
bial fermentation resulting in a reduction in
ammonia and methane production and an
improved glucogenic:lipogenic volatile fatty
acid ratio [24]. Carruthers and Neil [4] sup-
plemented Friesian cows on high or low
nitrogen pasture diet with non-structural car-
bohydrate and in both cases observed sig-
nificant reductions in rumen ammonia con-
centrations. Formulation of diets that
improve the balance in nitrogen and energy
release into the rumen on an hourly basis
increased the efficiency of microbial pro-
tein synthesis [22] and the growth rate of
lambs [30]. In ewes fed an asynchronous
diet the levels of plasma urea were increased,
suggesting a reduction in nitrogen efficiency
[29]. A dairy cow experiment [17], offered
the same grass varieties used in this study,
observed a significant increase in milk yield
HWSC and the control paddocks in terms
of intake and yield, although an alternative
approach e.g. n-alkanes [16] should be con-
sidered in future. 
4.2. Animal performance
The liveweight gain of the suckling lambs
(247 and 213 g.d–1 for animals on HWSC
and control grasses, respectively) are simi-
lar to those reported by Evans and Scurlock
[8] on high WSC (var. Aurora) and control
(var. Melle) varieties of perennial ryegrass
(237 and 223 g.d–1, respectively). Although
Aurora produced significant production
responses, this grass was not popular in com-
merce because of its poor resistance to for-
age diseases (e.g. crown rust; Puccinia coro-
nata). Grass breeding has alleviated this
problem and is not an issue with HWSC
(Ba11353). The overriding relationship,
which arose from the animal performance
results was the association between
liveweight gain and WSC concentration of
the herbage (r = 0.67; P < 0.05; Tab. II). In
periods I and II there were significant dif-
ferences in liveweight gain between HWSC
and the control, which correlated with the
significant differences in WSC concentra-
tion. In contrast in period III the difference
in WSC concentrations between varieties
was minimal and liveweight gains were sim-
ilar. However, the liveweight gain response
was also negatively correlated with fibre
concentration. Thornton and Minson [26]
suggested that voluntary intake of forages
by ruminants was largely dependent on
retention time in the rumen, which was prin-
cipally affected by the fibre components of
the diet. This may suggest that the lower
fibre concentration of the HWSC grass may
have resulted in the increase in liveweight
gain through a greater intake. However, as
the intake data is not conclusive it is difficult
to further postulate any link between fibre
concentration and liveweight gain.
The increased animal performance (lamb
liveweight gain; g.d–1) contributed to greater
447
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on the high WSC grass, further suggesting a
link between improved animal performance
and WSC and/or fibre concentration of the
fed herbage. Whether the increased perfor-
mance in this study was entirely due to the
elevated WSC concentration of the grass,
or the reduced concentration of fibre or a
combination of the two, remains unclear. 
5. CONCLUSION
Increases in liveweight were achieved
when the differential in grass WSC concen-
tration was approximately 40–50 g.kg–1 DM,
but not when the chemical compositions of
the experimental grasses were similar. The
factors that control these fluctuations in
chemical composition are not yet fully
understood, but it will be important to iden-
tify how to sustain the WSC differential to
ensure consistency of response when feed-
ing high WSC grasses. This study endorses
the hypothesis that feeding ruminants on
forages that are bred for quality traits (as
well as for yield and persistency) may con-
tribute to enhance efficiency and reduce the
cost of sheep production. 
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